We present HST/ACS images and color-magnitude diagrams for 24 nearby galaxies in and near the constellation of Centaurus with radial velocities V LG < 550 km s −1 . Distances are determined based on the luminosities of stars at the tip of the red giant branch that range from 3.0 Mpc to 6.5 Mpc. The galaxies are concentrated in two spatially separated groups around Cen A (NGC 5128) and M 83 (NGC 5236). The Cen A group itself has a mean distance of 3.76±0.05 Mpc, a velocity dispersion of 136 kms −1 , a mean harmonic radius of 192 kpc, and an estimated orbital/virial mass of (6.4 − 8.1) · 10 12 M ⊙ . This elliptical dominated group is found to have a relatively high mass-to-light ratio: M/L B = 125 M ⊙ /L ⊙ . For the M 83 group we derived a mean distance of 4.79±0.10 Mpc, a velocity dispersion of 61 km s −1 , a mean harmonic radius of 89 kpc, and estimated orbital/virial mass of (0.8 − 0.9) · 10 12 M ⊙ . This spiral dominated group is found to have a relatively low M/L B = 34 M ⊙ /L ⊙ . The radius of the zero-velocity surface around Cen A lies at R 0 = 1.40 ± 0.11 Mpc. implying a total mass within R 0 of M T = (6.0 ± 1.4) · 10 12 M ⊙ . This value is in good agreement with the Cen A virial/orbital mass estimates and provides confirmation of the relatively high M/L B of this elliptical-dominated group. The centroids of both the groups, as well as surrounding field galaxies, have very small peculiar velocities, < 25 km s −1 , with respect to the local Hubble flow with H 0 = 68 km s −1 Mpc −1 .
Introduction
The distribution of dark versus luminous matter on scales of 0.1 -1.0 Mpc still remains poorly understood. The situation has been improving thanks to recent observations with Hubble Space Telescope (HST) that provide images of the resolved stellar content of hundreds of nearby galaxies. The brightness of the tip of the red giant branch (TRGB) in these images provide accurate distances. These accurate distances combined with accurate observed velocities, mostly from HI observations, allow for the decoupling of 'peculiar' velocities from the cosmic expansion. These peculiar velocities tell us something about the distribution of matter.
The observations of the nearest groups has been reviewed by Karachentsev (2005) . Masses for the groups have been determined both by traditional measures of the internal group dynamics and by a method that uses the observed dimensions of groups at the radii of decoupling between group collapse and cosmic expansion. This location between collapse and expansion is called the "zero-velocity surface". It has been found that for the 6 nearest groups the zero-velocity surface method gives mass-to-light ratios (B band) in the range [15 -90] M ⊙ /L ⊙ with a median of 26 M ⊙ /L ⊙ . If these values were universal, they would imply a very low value for the density of matter, Ω m,local ∼ 0.04. The observed "coldness" of the local Hubble flow, characterized by typical random motions σ v ∼ 30 km s −1 (Karachentsev et al. 2002c) , implies an extremely low value of Ω m , unless modulated by the effects of vacuum-dominance (Chernin 2001) .
Part of the discrepancy between very locally evaluated Ω m and more global measures may be a consequence of large M/L variations with environment due to astrophysical processes like stellar aging and gas dispersal through heating (Tully 2005; van den Bosch et al. 2003) . Although most of the light is in the "field", a substantial fraction of the mass of the universe might be confined to dense clusters dominated by early-type galaxies. Consequently one must suitably average M/L over these distinct environments to arrive at estimates that are cosmologically meaningful. The local volume has a low density compared with clusters, such that in almost all the neighboring groups the dominant members are spiral galaxies. Bahcall et al. (2000) suggest that giant elliptical galaxies have more extended and ∼ 3 times more massive halos than spiral ones.
We are learning about the nature of groups in our neighborhood. Karachentsev et al. (2002a Karachentsev et al. ( , 2002b Karachentsev et al. ( , 2003 have shown that the M 81/NGC 2403, Cen A/M 83, and Maffei 1/IC 342 groups are all "dumbbell" systems like the Local Group. In the best studied case beyond the Local Group, the M 81/NGC 2403 Group, the core around the foreground NGC 2403 sub-structure is clearly falling back toward the background M 81 sub-structure. Evidently, this group, like the Local Group, has semi-virialized cores and a larger bound, infalling zone. The masses inferred for the overall bound regions are essentially that of the sum of the cores.
The Cen A/M 83 region is particularly interesting because one of the dominant galaxies, Cen A, is a giant elliptical. The only other large elliptical nearby is the badly obscured Maffei 1. With Cen A, we are offered the unique opportunity to study the outer halo of a giant elliptical in the same way we have been studying the environments of giant spirals. In a preliminary investigation (Karachentsev et al. 2002b ) it was already seen that there are two distinct cores: around Cen A to the foreground and M 83 to the background. The two cores have the same radial velocities within the uncertainties of the observations so it is not clear if the two cores are bound or escaping from one another. Fortunately this region is rich in dwarf galaxies. These small galaxies provide test probes of the potential. Here, we present TRGB distances to galaxies in the wide vicinity of the nearby giant elliptical galaxy Cen A to flesh out the 3D view of the complex and improve our understanding of its dynamical state.
HST ACS photometry and Color-Magnitude diagrams
We have observed 24 galaxies with the Advanced Camera for Surveys (ACS) during HST Cycles 12 and 13 (proposals 9771 and 10235). We obtained 1200s F606W and 900s F814W images of each galaxy using ACS/WFC with exposures split to eliminate cosmic ray contamination. The cosmic ray cleaned images (CRJ data sets) were obtained from the STScI archive, having been processed according to the standard ACS pipeline. Stellar photometry was obtained using the ACS module of DOLPHOT (Dolphin et al. in prep) , using the recommended recipe and parameters. In brief, this involves the following steps. First, pixels that are flagged as bad or saturated in the data quality images were marked in the data images. Second, pixel area maps were applied to restore the correct count rates. Finally, the photometry was run. In order to be reported, a star had to be recovered with S/N of at least five in both filters, be relatively clean of bad pixels (such that the DOLPHOT flags are zero) in both filters, and pass our goodness of fit criteria (χ ≤ 2.5 and |sharp| ≤ 0.3).
To estimate our photometric uncertainties and completeness, artificial star tests were run on the ESO 269-058 and KKs 55 fields, which represent the most and least crowded images. Completeness plots are shown in Figure 1 . The plateau at ∼ 85% completeness is due to bad pixels and cosmic rays. The magnitude errors as a function of recovered magnitude are shown in Figure 2 . CTE corrections were made according to ACS ISR03-09, and our zero points and transformations were made according to Sirianni et al. (2005) . We estimate the uncertainties in the calibration to be around 0.05 magnitudes.
We determined the TRGB using a Gaussian-smoothed I-band luminosity function for red stars with colors V − I within ±0.
m 5 of the mean V − I expected for red giant branch stars. Following Sakai et al. (1996) , we applied a Sobel edge-detection filter. The position of the TRGB was identified with the peak in the filter response function. Uncertainty in measuring the TRGB was determined by performing bootstrap resampling. Drawing from the original luminosity function, every stellar magnitude has been displaced randomly following a gaussian distribution. Then a new luminosity function is determined and the tip magnitude I T RGB is calculated. This procedure was performed 1000 times for each galaxy. We take the standard deviation of the distribution of I T RGB as the uncertainty. According to Da Costa & Armandroff (1990) , the TRGB is located at M I = −4.05 mag. The calibration relations were derived over the metallicity range of the Galactic globular clusters (−2.1 ≤ [F e/H] ≤ 0.7) and are expected to work well over ages spanning 2 -15 Gyr. Ferrarese et al. (2000) calibrated the zero point of the TRGB from galaxies with Cepheid distances and estimated M I = −4. m 06 ± 0. m 07(random) ± 0.13(systematic). A new TRGB calibration, M I = −4. m 04 ± 0. m 12, was made by Bellazzini et al.(2001) based on photometry and on a distance estimate from a detached eclipsing binary in the Galactic globular cluster ω Centauri. For this paper (as for our previous works with the HST data) we use M I = −4. m 05. We consider total errors in distance moduli to be the quadrature sum of the internal errors and external systematic errors. Internal errors include the uncertainties in the TRGB measurement, in the HST photometry zero point (∼ 0. m 05), the aperture corrections (∼ 0.
m 05) and the uncertainties in extinction (A I ), which are taken to be 10% of the assumed values given by Schlegel et al. (1998) . The external systematic error is the uncertainty in the M I,T RGB zero-point which is taken to be 0. m 12 following Bellazzini et al.(2001) .
3. TRGB distances and integrated properties of 24 galaxies ACS images of 24 observed galaxies are shown in Figure 3 . The compass in each field indicates the North and East directions. Usually our target galaxies were centered on the middle of the ACS field. In Figure 4 I versus (V − I) color magnitude diagrams (CMDs) for the 24 galaxies are presented.
A summary of the resulting distance moduli for the observed galaxies is given in Table 1 . Columns contain: (1) galaxy name, (2) equatorial coordinates, (3) radial velocity in km s −1 in the Local Group (LG) rest frame, (4) apparent I-band magnitude of the TRGB, and (second line) the uncertainty in measuring the TRGB, (5) the mean V − I color measured at an absolute I magnitude −3.5, correlated with metallicity (Lee et al. 1993) , ± rms uncertainty of the mean color, and (second line) the standard deviation of the RGB color, (6) Galactic extinction in the I-band from Schlegel et al. (1998) , (7) true distance modulus in mag and total error in the distance modulus, (8) linear distance in Mpc, and (9) mean metallicity of the RGB with random and systematic errors divided by comma.
Some additional comments about the galaxy properties are briefly discussed below. The galaxies are listed in order by increasing Right Ascencion.
ESO 215-09, KKs 40. This is an isolated dIrr galaxy of low surface brightness. It is noted in the Catalog of Neighboring Galaxies (Karachentsev et al. 2004 = CNG) as an object of very high hydrogen mass-to-luminosity ratio. Warren et al. (2004) performed surface photometry of the galaxy in B, V, R, I-bands and derived its HI line velocity field using ATCA. According to these data, the HI disk of ESO 215-09 extends over 6 Holmberg radii, and the ratio of hydrogen mass to B-luminosity is (22
ESO 381-20. HI mapping of this irregular galaxy was carried out by Côté et al. (2000) . On our ACS frames the galaxy is resolved into more than 20 000 red and blue stars. Given its M HI /L B = 2.6M ⊙ /L ⊙ , ESO 381-20 has a considerable amount of gas and hence a strong potential to form new stars.
KK 182, Cen 6. This irregular galaxy of triangular shape was proposed as a member of the Cen A/M 83 complex by Côté et al.(1997) but it turns out to be slightly to the background.
ESO 269-058. This is a peculiar galaxy of I0 type with dusty patches. NED gives an erroneous velocity +1853 km s −1 . It is seen in its CM diagram (Fig. 4) that the vast majority of ∼150 000 detected stars belong to the RGB population. The hydrogen mass-to-luminosity ratio, 0.07M ⊙ /L ⊙ , turns out to be much lower than typical values for irregular galaxies. KK 190 . This is a dSph galaxy undetected in HI (Huchtmeier et al. 2001) . Its radial velocity, +784 km s −1 , was measured via optical absorption lines by Jerjen et al. (2000a) , who also carried out surface photometry of ESO 269-66 in B, R bands. The CM diagram of the galaxy derived by us (Fig. 4) displays a pronounced branch of red giant stars with a considerable metallicity scatter, unusual for galaxies of low luminosity (−13.6 mag). KK 196, AM1318-444 . Surprisingly, this dIrr galaxy is still undetected in HI. Its optical spectrum shows emission lines with the mean velocity +741 km s −1 (Jerjen et al. 2000b ).
KK 197. This dSph galaxy, undetected in HI, is situated 48
′ away from NGC 5128 = Cen A. Its CM diagram (Fig. 4) displays a large scatter of colors for the stars near the tip of RGB. Our initial explanation of this atypical feature assumed the presence of a number of high metallicity stars projected from the periphery of Cen A onto the KK 197 field. However, the distribution of very red stars (situated to the right of the tip of RGB) shows a clear concentration within the boundary of KK 197. This implies that the observed scatter of colors (metallicities) of RGB stars is a property of the dwarf galaxy itself and not caused by outlying RGB stars in Cen A. Surface photometry of KK 197 in B, R bands was carried out by Jerjen et al. (2000b) .
KKs 55. This dSph galaxy is the nearest known companion to Cen A at a distance of 39 ′ in projection. CM diagram of KKs 55 exhibits that the vast majority of the detected stars belong to the RGB with small dispersion in their colors. The derived distance to KKs 55, 3.94 Mpc, coincides within errors with the distance to Cen A, 3.77 Mpc.
IC 4247, ESO 444-34. This is a dIrr galaxy of rather high surface brightness. Judging from the derived distance, 4.97 Mpc, IC 4247 is a companion to the bright spiral galaxy NGC 5236 = M 83.
NGC 5237. The compact reddish galaxy of I0 type has an irregular central part with an extended blue knot on the NW side and a smooth periphery. The CM diagram of NGC 5237 displays about 100 000 stars, mainly belonging to the RGB. The blue stellar population of the galaxy is concentrated towards its core.
KKs 57. This galaxy of very low surface brightness is classified as type dSph or dSph/Ir. It is not detected in the HI line by Huchtmeier et al. (2001) . KKs 57 is one of the faintest known companions to Cen A with M B = −10.3 mag.
HIPASS1348-37. This is a dIrr galaxy found in the blind HI survey of the southern sky with the Parkes Telescope (Banks et al. 1999) . The coordinates presented in NED are rather inaccurate.
ESO 383-87. In our list, this bright (B = 11.0 mag) spiral galaxy of SBdm type has the lowest radial velocity, V LG = +108 km s −1 . Amazingly, it was never resolved into stars before. Kemp & Meaburn (1994) noted that the galaxy is embedded in an extensive fairly spherical halo seen down to the level of 2% of the sky brightness. Unfortunately, ESO 383-87 was imaged with ACS in the F814W filter only, because of an HST guiding problem. Another F814W image of the galaxy has been obtained with WFPC2 (GO #8599). We carried out photometry of both the images and obtained an I-band luminosity function of ESO 383-87. Applying the edge-detection Sobel filter to the luminosity function, we derived the TRGB positions 23.76 (WFPC2) and 23.78 mag (ACS), which yields the galaxy distance to be 3.45 ± 0.34 Mpc. It is by far preferable to have the color information provided by a V filter observation but in this case the onset of the red giant branch is sufficiently distinct that the distance measure based on the I observation alone is considered reliable. Basing on the measured TRGB distance, we assign the galaxy to be a companion to Cen A.
HIPASS1351-47. This dIrr galaxy of low surface brightness was found in the HIPASS survey (Banks et al. 1999) . Its coordinates given in NED differ from true ones by 2.
′ 5 . The large TRGB distance to the galaxy together with its low radial velocity, V LG = 292 km s −1 , indicates that the galaxy is located behind the Cen A/M 83 complex and has a noticeable peculiar velocity towards the complex.
ESO 384-016. This is a galaxy of dS0/Im type with a diffuse halo around a compact central core. Jerjen et al. (2000a,b) performed surface photometry of the galaxy in B, R bands and estimated its distance via surface brightness fluctuations to be 4.23 Mpc. Our estimate of the galaxy distance from the TRGB, 4.53 Mpc, is in good agreement.
ESO 223-09. This isolated dIrr galaxy is situated behind and East of the Cen A/M 83 complex in a zone of strong extinction. The galaxy has a lot of gas (2.2M ⊙ /L ⊙ ) for continuing star formation. It is seen in the CMD of Fig. 4 that this galaxy has a pronounced intermediate age asymptotic giant branch population. These stars lie immediately above the red giant branch but the onset of the RGB is sufficiently dominant that the TRGB can be clearly distinguished.
ESO 274-01, RFGC 2937. This is an isolated Sd galaxy seen edge-on. With its angular dimension of 13.
′ 4 × 1. ′ 3, only a small part of the galaxy is situated within the ACS field of view. Nevertheless, our photometry reveals more than 100,000 stars, the majority belonging to the RGB. The measured TRGB distance, 3.09 Mpc, together with the galaxy radial velocity, V LG = +335 km s −1 , may indicate a peculiar motion of ESO 274-01 away from us toward the Cen A/M 83 complex.
ESO 137-18. This is an isolated galaxy of type Sm or Im in the zone of the Milky Way (b = −7.
• 4). In spite of significant contamination by foreground stars, its CM diagram displays the RGB population, yielding the galaxy distance of 6.40 Mpc. As with ESO 223-09, there is a substantial intermediate age population that gives rise to a well populated asymptotic giant branch. Nonetheless the TRGB is easily identified.
Apart from the galaxies discussed above, we also observed the galaxy PGC 47885 reported to have a radial velocity of +570 km s −1 . This object turns out to be a distant spiral galaxy unresolved into stars. According to recent 6dF data (see NED), its radial velocity is +13848 km s −1 .
The turn-over radius of the Cen A/M 83 complex
The list of all known galaxies in a wide vicinity within a radius of ∼4 Mpc around the centroid of the complex Cen A/M 83 is presented in Table 2 . The list contains 87 galaxies. Some galaxies (for instance, DDO 161) have radial velocities V LG < 550 km s −1 , but they have no individual distance estimates. For other galaxies (for instance, the dwarf spheroidal system KK 197) the distances are measured with high accuracy, but the radial velocities are lacking. The columns of Table 2 contain the following data: (1) galaxy name; (2) equatorial coordinates for the epoch J2000; (3) morphological type; (4) "tidal index" following from the Catalog of Neighboring Galaxies (Karachentsev et al 2004 :CNG) : for every galaxy "i" we found its "main disturber"(=MD), producing the highest tidal action
where M k is the total mass of any neighboring potential MD galaxy (proportional to its luminosity with M/L B = 10M ⊙ /L ⊙ ) separated from the considered galaxy by a space distance D ik ; the value of the constant C is chosen so that Θ = 0 when the Keplerian cyclic period of the galaxy with respect to its MD equals the cosmic Hubble time, 1/H 0 ; therefore positive values correspond to galaxies in groups, while the negative ones correspond to isolated galaxies; (5) radial velocity of the galaxy with respect to the Local Group centroid and its error; (6) distance to the galaxy (in Mpc) and its error; (7) method of estimating the distance ("cep" -from cepheids, "rgb" -from the tip of RGB, "sbf" -from surface brightness fluctuations, "mem" -from probable membership in the known groups, "h" -from radial velocity with the global Hubble constant H 0 = 72 km s Freedman et al. 2001); (8) reference to the source of data on the distance or a new radial velocity; and (9) notes regarding galaxy membership in the Cen A ("C") and M 83 ("M") groups based on a positive tidal index with respect to Cen A or M 83.
The greater part of the data on galaxy distances are taken from the CNG although more than 40% of estimates have appeared over the last two years. Apart from 24 new distance measurements from Table 1 ( (2005)= Sh05. New radial velocities for 5 galaxies from the HIPASS survey were taken from Koribalski et al. 2004 (=Ko04) and Meyer et al. 2004 (=M04) . For two dSph galaxies, KK 211 and KK 221, new optical radial velocities were recently measured by Puzia & Sharina (2006) via globular clusters. For the spiral galaxy Circinus situated in the Zone of Avoidance, we have determined its distance modulus from the Tully-Fisher relationship in the J, H and K bands based on the data of the 2MASS survey. There is another probable member of the Cen A group, ESO 270-17 = RFGC 2603. This large (15 ′ diameter) SBm type galaxy seen edge-on has V LG = 583 km s −1 , a bit exceeding our velocity cutoff. We have derived its TF distance modulus based on B, R, I magnitudes to be 28.18 ± 0.37 that comfortably puts ESO 270-17 in the Cen A suite.
Because of it's luminosity and probable dynamic importance, we give special attention to the giant spiral galaxy NGC 5236 = M 83. In the CNG it was listed with the cepheid distance 4.47 ± 0.30 Mpc (Thim et al. 2003) , which positions M 83 to the foreground of all its companions with TRGB distances. We ran DOLPHOT photometry on archival ACS images of the M83 halo (program 9864), The resulting CMD is shown in Fig. 5 . There is some uncertainty because of the spread of stellar metallicity but the cepheid distance seems underestimated. Applying the edge-detection Sobel filter, we derived the TRGB position to be I(TRGB) = 24.64 ± 0.15 within a color range of 1.0 < (V − I) < 2.0, which yields the galaxy distance 5.16 ± 0.41 Mpc. On the northern edge of M 83 there is a faint elongated arc, KK 208, a possible satellite dSph galaxy disrupted by M 83's tidal forces. Its TRGB distance, 4.68 ± 0.47 Mpc, is at middle of the M83 cepheid and TRGB distances.
The overall distribution on the sky of the galaxies from Table 2 is presented in Fig. 6 . The galaxies with individual distance estimates are shown by circles, while the galaxies with distances obtained from the Hubble relation are marked by squares. To attach an impression of depth to this distribution, the galaxy radial velocities are given colors following the scale on the right side of the figure. A 3-dimensional view of the Cen A/M 83 complex and its surroundings is presented in Fig. 7 where brighter galaxies are shown as larger balls. Spiral -irregular galaxies, and elliptical -dwarf spheroidal galaxies with accurate ("cep" and "rgb") distances are drawn as blue and red balls, respectively. The Hubble diagram for galaxies in the Cen A/M 83 complex and its closest surrounding is shown in Fig. 8 . Galaxies in groups and in the general field are depicted by open and filled circles, respectively. Galaxies for which Cen A and M 83 are main attractors are joined with these dominant systems by solid lines. Both the radial velocities and the distances are given in relation to the Local Group centroid. The two dashed lines correspond to alternate choices of the Hubble parameter, the global value of 72 km s −1
Mpc
−1 , (Freedman et al. 2001 ) and the mean local value 68 km s −1 Mpc −1 , , curved because of the decelerating action of the Local Group with a total mass of 1.3 · 10 12 M ⊙ .
As we had come to anticipate, field galaxies show a markedly lower peculiar velocity dispersion than that of the members of the groups. Field galaxies are also seen to have a tendency to move toward the Cen A/M 83 complex. This motion is manifested as the known wave effect around an attractor: galaxies on the near side of the complex have velocities higher than the Hubble expectation and galaxies on the far side have velocities lower than the Hubble expectation. The distances and velocities of the main galaxies, Cen A and M 83, coincide within errors with the mean distance and the mean velocity of their companions That is, Cen A and M 83 are not only the centers of both groups according to their position in the sky, but also the dynamical centers of these groups. Here, the peculiar velocities of the group centroids with respect to the mean local Hubble flow at H 0 = 68 km s −1 Mpc −1 do not exceed 25 km s −1 .
A rough estimate of the radius of the zero-velocity sphere, R 0 , can be made considering the mutual motion of the main members of the groups, Cen A and M 83. The spatial separation between them is R gg = (1.73 ± 0.56) Mpc. Assuming that their mutual tangential motion is zero, the difference of their radial velocities projected onto the line joining the galaxies is equal to (V M 83 − V CenA ) = +35 ± 6 km s −1 . It would take a tangential motion of 69 km s −1 of the two galaxies toward each other for one to see the other at zero velocity. If the galaxies M 83 and Cen A are receding from each other, as is suggested but not certain, then R 0 is less than R gg . Alternatively, consider the motions of the group centroids. We obtained from Table 2 the mean values V = 292 ± 37 km s −1 and D = 3.76 ± 0.05 Mpc for the Cen A group, and V = 318 ± 22 km s −1 and D = 4.79 ± 0.10 Mpc for the M 83 group. Under the same assumption that the relative tangential motions of the groups are zero, we obtain that the centers of groups are moving apart from one another at a velocity of +70 ± 30 km s −1 at a mutual spatial separation R cc = (1.43 ± 0.11) Mpc.
A more detailed approach to determining the radius R 0 was used by Karachentsev & Kashibadze (2006) . They considered the velocity field around the Local Group of galaxies with accurate distance estimates and obtained the value R 0 (LG) = 0.96 ± 0.03 Mpc. By varying the mass center between the two main members of the LG and seeking a minimum scatter of galaxies on the Hubble diagram, Karachentsev & Kashibadze (2006) estimated a mass ratio of 0.8:1.0 for our Galaxy and M 31, in accordance with the observed ratio of luminosities of these galaxies. A similar analysis of the velocity field of the galaxies around the M 81 group yielded the value of R 0 (M81) = 0.89 ± 0.05 Mpc and the ratio of masses of two main galaxies, M 81 and M 82, of 1.0:0.5, in good agreement with the ratio of the luminosities of these galaxies.
Examining the Hubble pattern around the complex Cen A/M 83, we suppose the center of mass of the complex to be coincident with Cen A, then we determine velocities V and distances R of the galaxies given in Table 2 with respect to Cen A. Here, we take into account only the objects whose separations from Cen A along the line of sight exceed their projected separations on the sky: |D g − D c | > R p , and also excluded close companions (R < 1 Mpc) in order to reduce the contribution from virial motions. At total, there are 18 galaxies with spatial distances from Cen A, 1 < R < 4 Mpc which are comfortably situated along a line of sight passing through Cen A. Surprisingly, all of them reside behind the Cen A group. The resulting Hubble diagram for them is presented in Fig. 9 . Each galaxy is shown by a circle with horizontal and vertical bars denoting standard errors of distance and velocity. Galaxies in groups ( Θ > 0) and in the general field (Θ < 0) are indicated by open and filled circles, respectively. The solid line in Fig. 9 corresponds to the Hubble regression with H 0 = 72 km s −1 Mpc −1 and the R 0 value which ensures the minimum scatter of galaxies with respect to the Hubble regression. As is seen, the regression line crosses the zero-velocity line at R 0 = 1.40 ± 0.11 Mpc, where the standard deviation, 0.11 Mpc, is a bootstrap estimate. The mean-square peculiar velocity of the galaxies relative to the homogeneous Hubble flow is 32 km s −1 . However, this value is affected to a considerable degree by measurement errors in galaxy distances. After quadratic subtraction of observational errors, the typical peculiar velocity drops to 2 km s −1 .
Thus, the Hubble flow around the Cen A/M 83 complex proves to be rather cold. Low velocities of chaotic motions ∼ (10 − 20) km s −1 are characteristic also of the surroundings of two other nearby complexes: the Local Group and the M 81 group. This feature is direct evidence of the existence of dark energy which dominates at distances 1 Mpc from the center of a typical loose group of galaxies.
Mass estimates of the complex Cen A/M 83
The separation of galaxies in the Centaurus region into the Cen A and M 83 groups was considered in detail by Karachentsev et al. (2002b) . They measured masses for the two groups from the virial theorem
v is the dispersion of radial velocities with respect to the group centroid, and R H is the mean projected harmonic radius, or from the orbital motions of companions around the principal galaxy,
r , assuming arbitrarily oriented Keplerian orbits of companions with the mean eccentricity of galaxy orbits postulated to be e = 0.7. New observational data modifies the mass estimates.
Basing on radial velocities and mutual separations of supposed members of Cen A group (marked in the last column of Table 2 The total blue luminosities of these groups, L B (CenA) = 6.0 · 10 10 L ⊙ and L B (M 83) = 2.5 · 10 10 L ⊙ , differ from one another much less than the mass estimates. This situation is consistent with the proposition (Bahcall et al. 2000; Tully 2005 ) that giant elliptical galaxies, as well as groups with a predominantly elliptical population, have masses per unit luminosity about 3 times higher than giant spirals or groups with predominantly spiral populations. In the present case, the elliptical dominated Cen A group has a mass-
This difference cannot be attributed only to the presence in spiral galaxies of a young (blue) stellar population and dust clouds since the infrared luminosities in the K-band,
10 L ⊙ and L K (M 83) =7.1 · 10 10 L ⊙ , taken from 2MASS, also differ far less than the mass estimates of the groups.
Consideration of galaxy motions in the vicinity of the Cen A/M83 complex gives us a mass estimate on a scale of ∼1 Mpc. According to Lynden-Bell (1981) and Sandage (1986) , the total mass of a group is expressed via the turn-over radius R 0 and the age of the universe T 0 as
where G is the gravitation constant. In the "concordant" flat cosmological model with a non-zero Λ-term, equation (1) needs to be modified as
where
For Ω m = 0.27, we have f (0.27) = 0.82, and with H 0 = 72 km s −1 Mpc −1 corresponding to T 0 = 13.7 Gyr, we obtain a new expression for the total mass: (M T /M ⊙ ) = 2.2 · 10 12 (R 0 /Mpc) 3 , yielding M T = (6.0 ± 1.4) · 10 12 M ⊙ . Thus, the mass estimates of the Cen A group made from galaxy motions internal and external to the group are in good agreement at 6 − 8 · 10 12 M ⊙ .
The outer halo of Cen A has been recently studied by Peng et al. (2004) based on the kinematics of 148 planetary nebulae situated at radii beyond 20 kpc. Applying different dynamical models, they obtained the total mass of the galaxy within 80 kpc to be (5.0 − 5.9) · 10 11 M ⊙ . This mass is much lower than our estimates presented above. Part of the difference is due to the factor 5 difference in scale. Another factor of 2-3 remains unexplained. By contrast, we have good agreement with the dynamical study of globular clusters around Cen A by Woodley (2006) . The motions of 340 globular clusters within a radius of 45 kpc imply a mass of (0.8 − 1.8) · 10 12 M ⊙ . We find a mass 6 times greater on a scale 9 times greater.
We can make a comparison with a statistical measure of group masses. Over the last years, a new possibility of determining the total mass of groups has appeared based on measuring a signal of weak lensing of more distant galaxies. Hoekstra et al. (2005) detected such a signal by measuring the orientation of the major axes of background galaxies around single "lens galaxies" with photometric redshifts z = 0.2 − 0.4. The giant galaxies Cen A and M 83 would look at these distances like ordinary field galaxies. From the data by Hoekstra et al. (2005) , galaxies like Cen A and M 83 with their blue luminosities 3.1 and 2.3 · 10 10 L ⊙ generate a signal of lensing on a scale of ∼0.5 Mpc which corresponds to a total mass of (3.8 ± 1.4) · 10 12 M ⊙ . This estimate of mass is quite consistent with our estimate of the total mass of Cen A/M 83 made from the distortion to the Hubble velocity field around the Cen A/M 83 complex.
Concluding remarks
We have presented new distances to 24 galaxies situated in the nearby binary group Cen A/M 83 and its vicinity. A total of 87 galaxies are presently known inside a sphere of radius ∼4 Mpc around the centroid of the complex. Among them, 17 dwarf spheroidal galaxies do not yet have measured radial velocities. Among 66 galaxies with individual distance estimates, for 2 galaxies the distances were measured via the luminosity of cepheids, for 61 galaxies the distances were determined by the TRGB method, and for 3 galaxies the distances were estimated from the Tully-Fisher relation or surface brightness fluctuations. Thus, another 21 galaxies in the volume under discussion are targets for future distance measurements.
Considering galaxies only in close proximity to Cen A and M 83, we determined the total (virial or orbital) mass of the whole Cen A/M 83 complex to be (6.4 − 8.1) · 10 12 M ⊙ with 90% of the mass associated with the component around Cen A. An independent estimate of the mass of the Cen A component was made from the distortion of the cosmic expansion velocity field among the galaxies surrounding the complex. The observed deceleration of neighboring galaxies caused by the mass of the Cen A group is characterized by the sphere of radius R 0 which separates the group from the general cosmological expansion. The radius R 0 about Cen A lies in the range 1.29 -1.51 Mpc, which corresponds to a mass (6.0 ± 1.4) · 10 12 M ⊙ in a model with Ω Λ = 0.73, Ω m = 0.27. This mass estimate is in excellent agreement with the mass estimates from the internal motions in the Cen A group.
Estimates of the total mass of Cen A are listed in Table 3 . Ordered by scale length, they probe the scale range from 80 to 1400 kpc. Apart from the first mass estimate (PNe dynamics), the remaining ones agree with each other within 2-σ significance levels. This agreement is satisfactory because every method is subject to substantial uncertainties.
The key result of our observations is the determination of M/L B = 125 M ⊙ /L ⊙ for the Cen A group. In the cases of nearby groups dominated by the giant spirals M31, M81, and M83, the identical methods of calculating masses results in estimates of M/L B of 16, 32, and 34, respectively. This evidence supports the proposition that environments that have dynamically evolved to the end-state of elliptical galaxies have dark matter halos that manifest less light than the less evolved environments of spirals.
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